Effects of sulfur-amino acid-deficient diets on acetaminophen metabolism and hepatotoxicity in rats.
Cysteine is required for the synthesis of cosubstrates for two pathways of acetaminophen metabolism: 3'-phosphoadenosine-5'-phosphosulfate (PAPS) for sulfation and glutathione (GSH) for detoxification of the reactive metabolite (N-acetyl-p-benzoquinoneimine, NAPQI). Dietary deficiency of cysteine may reduce hepatic production of PAPS and GSH and thereby reduce metabolism of the drug (by sulfation and detoxification of NAPQI) and hence lead to potentiation of acetaminophen liver injury. Conversely, limitation of sulfur-containing amino acids could result in depression of protein synthesis and hepatic cytochrome P450 levels, and hence in decreased reactive metabolite formation and decreased liver injury. To determine whether the potentiating effects exceed the protective effects, rats were fed isocaloric AIN-76 liquid diets containing various levels of methionine as the sole source of sulfur in the diet for 3 weeks prior to administration of acetaminophen. Sulfur deficiency was assessed by measuring urinary inorganic sulfate levels. Sulfur-deficient diets retarded growth but did not affect nitrogen balance. Sulfur-deficient animals had lower basal levels of hepatic GSH. Pharmacokinetic studies revealed that at low doses of acetaminophen (20 mg/kg), animals fed sulfur-deficient diets metabolized the drug more slowly due to a markedly reduced sulfation capacity, whereas at the high dose of acetaminophen (400 mg/kg), rats that were fed sulfur-deficient diets had a higher clearance of the drug than rats that were fed the complete diet. The increase in clearance was due largely to an enhanced glucuronidation capacity and an enhanced P450-dependent oxidation as indicated by mercapturate formation. Histologic studies revealed that rats fed sulfur-deficient diets showed increases in both incidence and severity of acetaminophen hepatic necrosis. Thus, the potentiating effects exceeded the protective effects. These observations raise the possibility that nutritional inadequacy of sulfur-containing amino acids which could occur during protein malnutrition may similarly enhance susceptibility to acetaminophen liver injury in humans.